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Interferon Production in Athymic Nude Mice
(Accepted 25 March I976 ) SUMMARY Athymic (homozygous nude) mice of a non-inbred stock had relatively little antiviral activity in their serum compared with normal control mice at 4, 6 and 6-5 h after the intraperitoneal injection of Newcastle disease virus. The antiviral activity in the serum had the characteristics of interferon. At io h after injection and thereafter, the serum titres were comparable in nude and normal control mice. Exceptional nude mice with thymus-like tissue sometimes produced interferon more or less normally. Transfer of spleen cells from normal donor mice, but not from nude donors, led to increased serum interferon levels in nude recipient mice at 4 h after virus injection.
Homozygous 'nude' (nu/nu) mice lack a thymus as well as thymus-influenced lymphocytes (T cells), although they possess precursors of such cells. The experiments reported here show that the absence of a thymus affects the production of interferon.
The experimental animals were used at the age of 2 months, at which stage nude mice weighed 7"1 to 9"8 g, and their normal littermates io.2 to 16-7 g. The animals were injected intra-peritoneally with lO s egg IDs0 of live Newcastle disease virus (NDV) of strain Ba.
Sera were obtained at the specified times after NDV injection and were stored at -zo °C. For assay of their interferon content monolayers of mouse NIH/3T3 cells in 6 cm plastic Petri dishes (Nunclon) were exposed to dilutions of the serum samples in I'5 ml Eagle's medium supplemented with 2 ~oo bovine serum, for 18 h at 37 °C. After removal of the interferon-containing medium and one wash with fresh medium, the treated monolayers were challenged with I5o p.f.u, of a cloned stock of vesicular stomatitis virus (New Jersey serotype). The virus inoculum was adsorbed for 3o min at 3I °C and the monolayers incubated under agar overlay for 4 days at 37 °C. Plaques were counted after fixation of the cells with formol-saline and staining with Giemsa stain. Two plates were used at each dilution. The titres of interferon were obtained by graphical extrapolation and are expressed as interferon units, i.e. the reciprocal of the final dilution of the serum sample that produced a 5o ~o reduction in plaque count. The statistical significance of differences in the serum interferon titres of two groups of mice was determined by the Wilcoxon rank test, using the values tabulated in Documenta Geigy Scientific Tables (sixth edition) .
A reference mouse interferon (no. G oo2-9o4-51 i, National Institutes of Health, Bethesda, Maryland 2oot4) was included in the experiment summarized in Table 2 . The results indicated that one unit of interferon in this assay was equivalent to o.8 units of the reference interferon.
The antiviral activity studied here was shown to possess the following characteristics of interferon in tests carried out on a pool of several high titre serum samples: (a) resistance to heat at 56 °C for 3o min and to pH 2.2 for 16 h; (b) not sedimented by centrifugation for I h at Iooooo g; (c) no direct inactivation of virus infectivity; (d) sensitivity to the enzyme, proteinase K (Merck, Darmstadt); (e) lack of antiviral activity in cultured cells from two rodent species other than the mouse, namely hamster (BHK-2I cells) and rat (XC ceils). In two experiments on separate occasions, nude mice responded very poorly to NDV at 6 h after injection, by comparison to their normal littermates. However, the data suggested that by l o h nude mice 'catch up' with the controls. At 15 h no distinction between the two groups could be made and at 2o and 24 h both groups had low and variable levels of serum interferon. At later times (72, 96, and 144 h) no activity was detectable in sera from either group ( Table 1) .
Two of the nudes tested at 2o h were found at autopsy to have some thymus-like tissue in the mediastinum. One had a high titre (195o) and the other a low titre (2oo).
In a further experiment, a comparison was made at 4 h after injection between three nudes with thymus-like tissue, six typically athymic nudes and four normal controls. At this early time after injection of the virus, the nudes with thymic tissue had serum interferon titres which were high and within the normal range (Table 2a) .
Finally, nude mice in one group were given intraperitoneally a spleen cell suspension (5 × IOn white cells) from nude donors; another group received cells from normal donors. NDV was injected on the following day. The results indicate that those mice injected with spleen cells from nude donors produced little interferon at 4 h, but normal spleen cells stimulated interferon production (Table 2b) .
Neonatally thymectomized mice were tested for interferon production after NDV administration by Woodruff & Kilbourne 0967). Unfortunately, the findings were not < 9, < 9, < 9, < 9, .~ I I + nude spleen cells < 9, ~ 5, 15
consistent from litter to litter, and the blood lymphocyte counts were not depressed consistently by the removal of the thymus; thus, no significant difference could be shown between thymus-deprived and intact animals. This illustrates the uncertainty with experimentally thymectomized mice, where T cells may already be peripheralized before removal of the thymus on the first day of life. This demonstrates the value of the nude mouse, in which the thymic rudiment is typically arrested at a pre-lymphoid stage of development (Pantelouris & Hair, 197o) although a better developed rudiment may appear in isolated cases (Pantelouris, I975) . Several workers have implicated lymphocytes in interferon production on the basis of in vitro tests. Epstein & Amman (t974) used mitogens as interferon inducers in human B and T cells. The T cell cultures showed antiviral activity within the first 3 days, whilst B cell interferon production was delayed for about a week. Stobo et al. (1974) obtained interferon, again using mitogens as the inducers, from mouse spleen cells. Treatment of the spleen cells with anti-theta serum, used as a means of depleting T cells, significantly reduced the yield. As cells collected from the thymus itself failed to produce interferon, they concluded that mature, peripheralized T cells were involved in its production.
These conclusions should be considered in conjunction with the experiments of de MaeyerGuignard & de Maeyer (I97i) with mice, which seem to establish that the cell type involved in the interferon response varies with the inducer. When NDV was used, previous injection of antilymphocytic serum reduced the interferon yield by a factor of six. From this and other evidence they postulated that the cells forming interferon after NDV injection originate from haemopoietic stem cells, and are therefore either lymphocytes or granulocytes.
Hereditarily asplenic mice, heterozygous for the gene Dh, respond poorly to interferon inducers, but interferon production is enhanced to the normal level by a neonatal spleen transplant (Lair, Brown & Lozzio, 1974) . The role of the spleen however may be an indirect one (Maehara & Nagano, I972) .
In our experiments the concentration of antiviral activity in the serum following NDV administration to thymus-less nude mice rises later than in normal control animals, and then declines simultaneously in these and normal animals; it is therefore short-lived.
Nude mice are extremely leukopenic (Pantelouris, I968) . We reasoned that, if the low 6 h titres in nudes reflect this numerical deficiency then it might be corrected by providing the animal with additional spleen cells. Two types of spleen cell suspensions were used: firstly, from normal spleens and therefore with a balanced composition of B and T cells, and secondly, from nude spleens, composed for practical purposes of B cells only. The normal cells corrected the interferon deficiency at 6 h but the nude cells did not. It appears reasonable, therefore, to conclude that T cells might be involved in the production of interferon in response to NDV and at early hours afteI injection of the virus.
